The present study was conducted to ascertain the shape, size, presence of accessory foramina, direction, and the precise position of the infraorbital foramen (IOF) in relation to the inferior orbital margin (IOM), anterior nasal spine (ANS), nasion (Na), maxillary teeth, and supraorbital foramen/notch (SOF/N) in adult skulls in a Sri Lankan population. Fifty-four skulls (42 males and 12 females) were analyzed. The IOF was oval in shape (38.6% and 36.3% on the right and left side, resp.) in a majority of skulls. The direction of the IOF was mostly medially downward (48.6%). Accessory foramina were found in 7.4% of the skulls. The infraorbital foramina were located at a mean distance of 6.52 ± 2.03 mm and 7.30 ± 1.57 mm, vertically below the IOM on the right and left side, respectively; 33.81 ± 2.68 mm and 34.23 ± 2.56 mm from the ANS on the right and left side, respectively; and 42.37 ± 3.52 mm and 42.52 ± 3.28 mm from the Na on the right and left side, respectively. In relation to the upper teeth the majority of IOF (37.5% and 55.9% on the right and left side, resp.) were located in the same vertical axis as the tip of the buccal cusp of the maxillary second premolar tooth.
Introduction
The infraorbital foramen (IOF) is located on the maxillary bone about 1 cm inferior to the infraorbital margin [1] . The infraorbital nerve and vessels are transmitted through this foramen. The infraorbital nerve, the continuation of the maxillary or second division of the trigeminal nerve, is solely a sensory nerve. It traverses the inferior orbital fissure into the inferior orbital canal and emerges onto the face at the IOF. It divides into several branches that innervate the skin and the mucous membrane of the midface, such as the lower eyelid, cheek, lateral aspect of the nose, upper lip, and the labial gum [1] .
The IOF is an important landmark in facilitating anaesthetic and surgical interventions of the midface region. The infraorbital nerve block is widely used to accomplish regional anaesthesia during surgeries involving the midface region and paranasal sinuses [2, 3] . Traumatic or iatrogenic injury to the infraorbital neurovascular bundle may result in bleeding and hypoesthesia or paraesthesia or anaesthesia in the region of its supply [4] . Hence, detailed knowledge of the precise anatomical location and the possible variations of the IOF is fundamental to ensure safe and successful regional anaesthesia and to avoid the risk of damaging the neurovascular bundle during surgery in this region.
Multiple studies have demonstrated that the dimensions and relative position of the IOF vary between the genders and among different population groups [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . To ascertain its precise location various soft tissue and bony landmarks have been utilized. Significant variations have been reported in the literature with regard to the position of IOF in relation to the infraorbital margin [3, 5, 6, 8, 14] . Moreover, the position of IOF in relation to maxillary teeth has been shown to vary among population groups [3, 13, 21] .
Despite its clinical relevance, information available on the dimensions and relative position of the IOF in the Sri Lankan population is scarce. Hence, the present study was undertaken to ascertain the shape, presence of accessory foramina, direction, and the dimensions of the IOF and its position in relation to clinically relevant anatomical landmarks. 
Material and Methods
Fifty-four adult dry skulls from 42 male and 12 female skeletons formed the study material. Skulls were collected from the Division of Anatomy, Department of Basic Sciences, Faculty of Dental Sciences, University of Peradeniya, Sri Lanka. Approval for this study has been granted by the Faculty Research Committee of the Faculty of Dental Sciences, University of Peradeniya (number FDS-FRC/2014/06). The skulls of known sex and age with no apparent gross pathology, deformity, or traumatic lesions were included in the study. The skulls with alveolar bone resorption and those of less than 18 years of age were excluded. The skulls with damage in the orbital and nasal cavity region were also excluded. Both sides of the skulls were visually assessed and the shape, presence of accessory foramina, and the direction of the IOF were recorded. The shape of the IOF was described as displaying an oval, triangular, semilunar, or a circular outline. The direction of the opening of the infraorbital canal through the anterior surface of the maxilla was determined by inserting a flexible wire and recorded as being downward, medially, or medially downward.
The relative position of the IOF in relation to the upper teeth was recorded either as in line with the same vertical axis passing through the cusp tip of the upper canine, or buccal cusp tip of the upper first premolar, or second premolar, or mesiobuccal and distobuccal cusp tips of the first molar or as lying in the vertical axis passing between the canine and the first premolar or first and second premolar or second premolar and first molar (Figure 1 ). In the presence of a tooth socket, the vertical axis was determined as the line passing through middle of the buccal socket margin of the tooth (Figure 1 In order to analyze the size and the relative position of the IOF, the following parameters on the right and left sides were measured using a digital vernier caliper to the nearest 0.01 mm (Mitutoyo, Japan):
(1) The maximum vertical diameter of the IOF. In order to minimize the intraobserver error, all measurements were recorded by one investigator. Three repeated measurements were made for each observation at different sittings and the average of the three measurements was taken for further analysis.
Results were expressed as means and SDs and the differences in the size and location of IOF between the left and right side and male and female were analyzed using the Statistical Package for Social Sciences (SPSS), 19th version. Students' -test was used for the analysis and < 0.05 was considered as statistically significant.
Results
An IOF was present on both sides of all skulls examined. A single IOF was seen in 92.6% and accessory foramina were found in 7.4% of the skulls. Meanwhile, one skull showed bilateral double foramina (1.8%). The predominant shape of the IOF was oval (38.6% in the right side and 36.3% in the left side), followed by semilunar (29.6% in the right side and, 27.6% in the left side), triangular (18.2% in the right side and 19.1% in the left side), and circular in outline (13.6% in the right side and 17.0% in the left side) ( Table 1 ). The opening of the IOF was directed medially downward in 48.6%, medially in 43.3%, and downward in 8.1% of the skulls observed. The vertical and transverse diameters of the IOF and the linear distances from the IOF to selected anatomical landmarks, IOM, ANS, and Na are shown in Tables 2 and  3 . The size of the IOF and linear distances from the IOF to anatomical landmarks were larger in males than in females. However, the differences were not statistically significant except for the distance from the IOF to the IOM on the left side ( < 0.05) ( Table 2 ). Further, the observed parameters were greater on the left side than those on the right. A statistically significant difference was observed only in the distance from the IOF to the IOM ( < 0.01) (Table 3) indicating that the IOF is located closer to the IOM on the right compared to the left. Furthermore, the left IOF had larger dimensions than the right IOF.
The relative position of the IOF in relation to the SOF/N is presented in Table 4 . It is evident that the majority of infraorbital foramina are located lateral to the SOF/N (93.0% on the right side and 91.1% on the left side). Both IOF and SOF/N were located in the same vertical plane in 4.7% on the right side and in 8.9% on the left side of the total skulls.
The position of the IOF in relation to the maxillary teeth is shown in Table 5 . It could be seen that the foramen was most commonly found in the vertical plane passing through the tip of the buccal cusp of the second premolar on both the right (37.5%) and left (55.9%) sides.
Discussion
The infraorbital nerve, which emerges through the IOF to appear on the face, is responsible for the sensory innervation to the skin of the malar area between the lower eyelid and the upper lip [1] . Since the infraorbital nerve provides a considerably large area of sensory innervation, it is a prime candidate for a regional nerve block. It is important to identify the infraorbital neurovascular bundle during surgery involving the midface and maxillary sinuses and when administering the infraorbital nerve block because injury to infraorbital neurovascular bundle carries a significant morbidity including numbness of the upper lip, lateral wall of the nose, lower lid, and the infraorbital region of the affected side and may pose significant implications to the patient's quality of life [4] . The present study indicates that the location and morphology of infraorbital foramen are asymmetrical and varied between males and females. The ability to reliably and accurately locate the IOF is therefore essential in the fields of dentistry, maxillofacial surgery, and otolaryngology alike and, consequently, has long been an area of interest of many scientists. Numerous studies on the same topic have documented various soft tissue and bony landmarks [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] that would assist clinicians in identifying the location of the IOF for infraorbital nerve block, orthognathic surgery, and reconstructive surgery. The IOM is the widely used anatomical landmark to predict the location of the IOF. A wide variation has been documented in determining the location of the infraorbital nerve and its foramen with regard to various anatomical landmarks [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . For example, Aziz et al. have measured the distance of IOF-IOM on 47 cadaveric heads and found the distance to be 8.5 ± 2.2 mm whereas Boopathi et al. studied the location of the IOF on dry skulls and reported the mean distance of the IOF from the inferior orbital margin as 6.57 ± 1.28 mm. Further, in a study by Apinhasmit et al. on Thai adult skulls it was found that the IOF was located 9.23 ± 2.03 mm below the infraorbital margin. The same study reported that the mean horizontal distance from the zygomaticomaxillary suture at the level of the infraorbital rim to the IOF was 2.15 ± 1.67 mm. However, palpating the zygomaticomaxillary suture is nearly impossible on the face of a patient even though it is readily observed on the dry skull. In the present study, the inferior orbital margin, nasion, and the anterior nasal spine which are palpable clinically on a patient were used to locate the IOF.
The present study demonstrates differences in the distances of the IOF-IOM, IOF-ANS, and IOF-Na in relation to gender endorsing findings of previous studies which have reported greater dimensions in males compared to females [3, 5, 6, 13, 15] . Further, these differences have been reported to be statistically significant in some previous studies [5, 6, 13] while others have reported the differences to be not significant [3] . This dimorphism in relation to gender is not an unusual finding as similar differences have been reported in other parts of the craniofacial complex [25, 26] .
Interestingly, the position of the IOF in relation to IOM, ANS, and Na displayed side related differences in our sample, 8.5 ± 2.2 males, 7.8 ± 1.6 mm females Boopathi et al., India [14] 6.57 ± 1.28 Gupta, India [22] 7.00 Chung et al., Korea [9] 8.6 Elsheikh et al., Egypt [23] 6.37 ± 1.4 right, 6.7 ± 1.6 left Present study 6.52 ± 2.03 right, 7.30 ± 1.57 left suggesting that the location of the IOF is not always bilaterally symmetrical in any one individual ( Table 2 ). The present study revealed that the distance of IOF-IOM on the left side was significantly greater in males (7.66 ± 1.42 mm) than in females (6.38 ± 1.71 mm) ( < 0.05). Further, we found that the mean distances of IOF-IOM, IOF-ANS, and IOF-Na were greater on the left side than on the right side. However, only the difference in the distance of the IOF-IOM was found to be statistically significant in the comparison of values between sexes. Similar observations have been reported in other investigations conducted on Nigerian [11] , Brazilian [16] , and Indian [27] populations. Therefore, the present investigation together with findings from previous similar studies [11, 16, 27] emphasizes the fact that the IOF is situated closer to the IOM on the right side than on the left side. These findings are important considerations for surgeons operating on this anatomy in reducing the risk of injury to ION and when administering infraorbital nerve block. Furthermore, the position of the IOF in relation to the IOM has been reported to vary approximately between 6 mm and a little over 10 mm in previous studies that compared different population groups (Table 6 ). The mean distances of the IOF-IOM in the present study, 6.52 ± 2.03 mm and 7.30 ± 1.57 mm on the right and left sides, respectively, are comparatively similar to those reported by Boopathi et al. [14] and Gupta [22] in Indian populations but higher values have been reported in other studies [3, 5, 9, 13, 15] .
With regard to the distances from the IOF to ANS or IOF to Na, although they were greater in males when compared with females and greater on the left side of the crania than on the right side, no significant side or gender difference could be observed. These finding are in agreement with those reported in previous studies [11, 12, 24] . However, contrary to these findings, Agthong et al. [6] and Cisneiros de Oliveira et al. [15] reported that the values observed for the distance from the IOF to ANS varied significantly between the sexes and sides of the crania. It could be seen that the distances between the IOF and ANS and IOF and Na differ among different population groups (Tables 7 and 8 ). These variations could be attributed to different population characteristics. The mean value of IOF-Na in the present analysis, which was 42.37 ± 3.52 mm on the right side and 42.52 ± 3.28 mm on the left side, is found to be lower when compared with those of other population groups [10, 24] (Table 8 ). The Na is a very important landmark in surgical anatomy to identify different anatomical locations. However, few studies are available in the literature to confirm its use in the identification of the IOF. Therefore, the present study provides significant information regarding the relationship of the IOF to the Na in a Sri Lankan population which could be useful for the surgeons.
It is evident that the distances IOF-IOM, IOF-ANS, and IOF-Na are variable among different world population groups. Moreover, our findings highlight substantial variability in the morphology and location of the IOF even within the Sri Lankan population, between males and females, and even between right and left sides within the same individual, a fact that emphasizes the significance of meticulous preoperative evaluation of the IOF in patients who are candidates for maxillofacial surgery and regional block anaesthesia [8] .
The occurrence of accessory infraorbital foramina (AIOF) is well documented in the literature [3, 5-9, 13, 14, 28-33] . A wide variation in the occurrence of AIOF among different populations has also been reported. As reported by Leo et al. [28] , the earliest account of variations of the IOF was given by Gruber in 1875. Gruber reported that the number of accessory foramina may vary from 1 to 5. Furthermore, Kadanoff et al. [29] studied 1400 skulls and reported the occurrence of 131 double (9%), 7 triple (0.5%), and 4 greater than three foramina (0.3%) accessory foramina. Berry [30] studied AIOF in skulls from four geographical locations and the incidence of AIOF was reported to be 6.4% and 8.7% in Burmese males and females; 12.5% and 7.9% in North American males and females; 18.2% and 12.5% in Mexican males and females; and 2.2% and 4.8% in English males and females. In the present analysis the incidence of accessory infraorbital foramina was 7.4%. This incidence is comparatively similar to those reported by Tezer et al. [31] and Kazkayasi et al. [8] in Turkish populations. However, higher incidences have been reported in an Indian population (16.25%) by Boopathi et al. [14] and in Mexican males (18.2%) by Berry [30] .
In addition, the occurrence of AIOF has been shown to vary on different sides of the cranium [31, 32] . Bressan et al. [32] reported the occurrence of AIOF as 4.7% in an Italian population and further identified that it is more common on the left side (2.16%) than on the right side (1.22%).
The presence of accessory foramina is important for surgeons because there may be an accessory branch of the infraorbital nerve passing through the AIOF. Duplication of the infraorbital neurovasculature has been reported in the literature and both the IOF and AIOF were observed to have their own individual neurovascular bundle [33, 34] . This knowledge is imperative for the surgeon dissecting the midface region in order to avoid iatrogenic injury to the duplicated infraorbital nerve and also to gain sufficient local anaesthesia [33] The current study showed that, in a majority of the skulls, the infraorbital foramina were located lateral to the vertical plane passing through the SOF/N. The prevalence was 93.0% on the right side and 91.1% on the left side, a result that agrees with the findings of previous studies on Thai and Korean populations [5, 9] . In the meantime, in the present study, 4.7% and 8.9% infraorbital foramina on the left and right side, respectively, were seen to lie in the same vertical plane as SOF/N. Moreover, the occurrence of IOF in the same vertical plane as SOF/N was recorded as high as 23.4%, 38.1%, and 80% in Thai, Korean, and Indian populations, respectively.
As to the location of the IOF in relation to the maxillary teeth, it is important to note that the IOF was most frequently located in a vertical plane passing through the tip of the buccal cusp of the maxillary second premolar tooth (37.5% and 55.9% on the right and left side, resp.) followed by a position in between the first and second upper premolar teeth (34.4% and 26.5% on the right and left side, resp.). This observation supports the findings of previous reports showing that the IOF is commonly related to the vertical plane passing through the tip of the buccal cusp of the maxillary second premolar tooth [5, 23] . However, according to Aziz et al. [3] , the maxillary tooth most commonly found in the same vertical plane as the IOF was the first premolar. In a small percentage of skulls the IOF was located in line with the maxillary first molar tooth (3.1% on the right side), a fact that merits caution as it is likely to be associated with the possibility of causing a failed infraorbital nerve block.
The infraorbital nerve is the nerve of choice for regional nerve block when performing surgeries in the orbital, buccal, and nasal areas. The infraorbital nerve block can be performed by accessing the nerve through an intraoral route or an extraoral route [35] . For these approaches, accurate localizing of the IOF is of prime importance. Once the location of the IOF is determined, the needle can be advanced either through the skin directly toward the IOF or through the mouth at the level of the incisor at alveolarbuccal mucosal margin in the subsulcal plane. Therefore, the information regarding the position of the IOF and its variations in the present Sri Lankan population will facilitate the successful placement of the infraorbital nerve block required for different maxillofacial surgeries. In addition, accurate identification of the IOF position is important for both diagnostic and clinical procedures. Clinically, nerves emerging from this foramen could probably be injured during surgical procedures, like orthognathic surgeries involving the correction of maxillary arch discrepancies, management of Le Fort II fractures, and so forth resulting in paraesthesia or anaesthesia. The IOF is also an important reference point used in orbital surgeries [7] and is an important surgical location for external access to the maxillary sinus (CaldwellLuc operation) [36] . Furthermore, an understanding of the anatomical location of the IOF is of increased importance with the rising popularity of endoscopic procedures with limited visibility.
In the meantime, it is important to mention that the relatively smaller number of female skulls in this study was a major drawback and may have limited the ability to obtain statistically significant differences in relation to gender. Hence, further studies with larger samples are desirable.
Conclusion
This study specifically reports the characteristics and location of infraorbital nerve exits in a Sri Lankan population. The infraorbital nerve is the nerve of choice for regional nerve block when performing surgeries in the midface region. The ability to accurately localize the IOF is crucial to avoid injury to the infraorbital nerve. The presence of prominent ethnic variation and sex and side related differences in relation to the position of the infraorbital foramen indicate that extra care should be taken during surgical manipulation and administering regional nerve block in the infraorbital region to avoid surgical complications. Furthermore, the presence of accessory foramina has a clinical implication, as injury to any branch of the ION that exits through these foramina may result in sensory deficit. Therefore, the results of the present study in a Sri Lankan population have clinical importance
